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Radionuclide Results for Core Samples 
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Appendix E 
 

Colloidal Borescope Logging Results for  
Monitor Well ICPP-MON-A-230 
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Appendix F 
 

INTEC Well Field Capture Zone Analysis 
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 F-3

Evaluation of Well Capture Zones at the  
Idaho Nuclear Technology Engineering Center 

F-1 INTRODUCTION AND BACKGROUND 

Idaho Nuclear Technology and Engineering Center (INTEC) is a large industrial complex located 
in the south-central portion of the INEEL. Historically, the mission of INTEC has been to recover fissile 
uranium by reprocessing spent nuclear fuel. The resulting liquid waste generated from this process was an 
acidic high-level liquid waste which contained fission products, transuranic elements, and various metals. 
The liquid waste was temporarily stored in an underground Tank Farm Facility located at the INTEC until 
the liquid radioactive waste was converted to a solid granular form by a process designated as calcination. 
During the calcination process, the liquid in the radioactive waste is evaporated and the dissolved metals 
and fission products are converted to salts and oxides (Palmer et al. 1998). The location of the INEEL, 
INTEC, and the tank farm is illustrated in Figure F-1. 

The Tank Farm Facility includes 11 belowground 300,000-gal tanks in concrete vaults, and four 
belowground 30,000-gal tanks. Two types of liquid waste have been stored at the Tank Farm Facility. 
The first is high-level nonsodium-bearing waste, which was generated from first-cycle reprocessing spent 
nuclear fuel. The second is sodium-bearing waste generated from second- and third-cycle reprocessing 
and other INTEC operations such as decontamination activities (DOE-ID 1997). The liquid wastes from 
various INTEC facilities were transferred to the tank farm through a system of interconnected 
underground pipes. The storage tanks have never leaked, but leaks and spills have occurred during waste 
transfer activities, thereby releasing contaminants to the alluvial fill material surrounding the tank farm, 
which may eventually reach the Snake River Plain Aquifer below. The contamination at the INTEC is a 
site on the National Priorities List and is currently undergoing investigation for remedial actions. 

Recent monitoring in a new aquifer well (designated TF-Aquifer or ICPP-MON-A-230), located 
near the Tank Farm Facility has detected Tc-99 at concentrations exceeding the MCL. The monitoring 
well is located within the INTEC security fence line and approximately 300 ft north of the tank farm 
fence line. The detected concentration was 2,220 pCi/L from a water sample collected on May 13, 2003. 
The Tc-99 drinking water MCL is 900 pCi/L. The previous maximum concentration was 518 pCi/L 
detected at Well MW-18, located 300 ft south-east of the tank farm in December 1994. 

The INTEC has two water production systems designated for industrial process and potable 
water use and each system has two wells. The process water system produces an average 5,570 m3/day 
(1.5 million gpd) from the CPP-1 and CPP-2 wells located near the northern INTEC fence line. The 
CPP-1 and CPP-2 wells produce 15,525 m3/day (2,850 gpm) when operating and cycle two times per day 
for approximately 1.3 hours each cycle. Production is alternated between the CPP-1 and CPP-2 wells 
every 2 weeks. 

The potable water system produces an average of 136 m3/day (36,000 gpd) from the CPP-4 and 
CPP-5 wells located approximately 240 m north of the northern INTEC fence line. The CPP-4 well 
produces 2,453 m3/day (450 gpm) when operating and cycles three times per day for approximately 0.45 
hours each cycle. The CPP-5 well produces 818 m3/day (150 gpm) when operating and cycles three times 
per day for approximately 1.3 hours each cycle. Production is alternated between the CPP-4 and CPP-5 
wells every 24 hours. 
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Figure F-1. Map showing the location of the INEEL and INTEC (from Figure 1 of DOE-ID [2002]) 
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F-1.1 INTEC Hydrogeology 

The hydrogeologic setting of the INTEC is very complex, consisting of alternating layers of basalt 
and sediments. In the vadose zone, numerous perched water bodies have formed beneath surface recharge 
sources. The geology of the aquifer is more uniform in the vertical direction than that of the vadose zone. 
The older and deeper basalt flows in the aquifer tend to be thicker than the vadose zone basalt flows, and 
the sedimentary interbeds are fewer in number. The lowermost basalt flow in the aquifer is thought to 
have a lower permeability and be significantly thicker than the overlying basalt flows. 

The Snake River Plain Aquifer is located approximately 137 m below land surface. The aquifer can 
behave as either a semi-confined or confined system. Local confining conditions exist below some 
interbeds and low permeability basalt layers. The Big Lost River flows adjacent to the northern INTEC 
facility boundary and is an intermittent stream. 

Several isolated perched water zones have developed under the tank farm as result of INTEC 
operations and natural recharge from precipitation and the Big Lost River. Possible INTEC anthropogenic 
perched water and aquifer recharge sources include a sewage treatment lagoon, below-grade subsurface 
steam disposal vents, water supply line leaks, and landscape irrigation. In August 2002, the percolation 
ponds were moved to a new location 2 miles west. A cartoon of the INTEC subsurface is illustrated in 
Figure F-2. 

F-2 OBJECTIVES 

Capture zone analysis of the INTEC production wells (CPP-1, -2, -3, and -4) was performed to 
determine if these wells capture water beneath the tank farm. The analysis used the MODFLOW 
(MacDonald and Harbaugh 1988) and MODPATH (Pollock 1994) computer software. MODFLOW is a 
three-dimensional groundwater flow simulator produced by the United States Geological Survey and 
MODPATH is particle tracking companion software for MODFLOW. The MODFLOW and MODPATH 
software was used to simulate steady-state and transient flow paths to the INTEC production wells. 

F-3. MODEL ASSUMPTIONS AND IMPLEMENTATION 

F-3.1 Simulation Domain 

The simulation domain was 3-dimensional, extended 2,400 × 2,400 m in the horizontal direction, 
240 m in the vertical direction, and was centered on the CPP-1 Production Well. The numerical grid used 
40- × 40-m grid blocks in the horizontal and 12-m grid blocks in the vertical directions. Figure F-3 
illustrates a plan view of the model domain and location relative to the INTEC facility and the Test 
Reactor Area, which is located north-west of the INTEC. 
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Figure F-2. Cartoon illustrating the INTEC facility footprint and subsurface (from Figure 2-2 of 
DOE-ID [2003]) 
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Figure F-3. INTEC production well capture zone model domain. 

F-3.2 Boundary Conditions 

The capture zone model was parameterized from the Group 5 aquifer model (DOE-ID 2004). The 
capture zone model lateral boundary conditions were specified head and were estimated from the Group 5 
aquifer model’s simulated aquifer gradient. These boundary conditions provided a hydraulic gradient of 
approximately 1/2000 in the capture zone model area. 

The Group 5 aquifer model was used to estimate the gradient in the capture zone area because 
direct measurements of the aquifer potentiometric surface from observation wells do not provide a 
reliable estimate of aquifer gradient and direction on a local scale. Direct measurement of the aquifer 
potentiometric surface is unreliable because of measurement error due to barometric effects, well bore 
deviation, and measurement device accuracy and/or precision. Barometric effects limit well accuracy to 
approximately ±0.5 m at the INEEL. Well bore deviation can limit accuracy to approximately ±1 m and 
the accuracy of steel measuring tapes may be limited to approximately ±0.1 m due to tape stretch and 
temperature effects. Most INEEL wells have been surveyed and corrected for well bore deviations, thus, 
most measurements are limited to ±0.5 m. This error is approximately 1/2 the aquifer gradient, which is 
1.2 m, across the simulated aquifer domain. The Group 5 regional aquifer model adequately matched the 
large-scale aquifer gradient from north of the INTEC to the southern INEEL boundary. 
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The capture zone model surface boundary conditions were specified flux, which included surface 
recharge from the Big Lost River, precipitation and INTEC facility water sources. The surface recharge 
rates were estimated from the OU 3-13 RI/BRA (DOE-ID 1997). The flow path analysis considered 
transient effects of the process water wells, but only considered steady-state effects of the potable water 
wells. The well production rates were estimated from current INTEC well operation logs. The surface 
recharge rates are presented in Table F-1 and the production well rates are presented in Table F-2. 

Table F-1. Capture zone model surface recharge. 

Recharge Source 
Total Water Release Rate 

(kg/day) Recharge Area (m2) Flux (m/day) 

Big Lost River 897,871 96,000 0.0094 

Precipitation outside 
fenced area (1 cm/yr) 

141,667 5,174,400 0.000027 

 

Precipitation inside 
fenced area (10 cm/yr) 

160,328 585,600 0.00027 

Water system leaks 41,300 313,200 0.00013 

Landscape irrigation 16,300 313,200 0.00005 

Sewage treatment lagoon 155,600 313,200 0.00050 

Steam vent discharge 13,500 313,200 0.00004 

 

Total Recharge Inside Fence Line 0.00100 
 

Table F-2. INTEC production well rates and screen locations. 

Well 
Transient Rate 

(m3/day) 
Transient 

Period (days)

Pumping 
Frequency 

(1/day) 

Average Rate 
for the Period 

April-July, 
2003 (m3/day)

Screened 
Interval Depth 

Below 
Simulated 

Water Table 
(m) 

Simulation 
Vertical Grid 

Block 
(from surface 
@ 12 m each)

CPP-1 16353 0.170 2 2785 2.9-10.9 and 
23.5-38.6 

1 and 3 

CPP-2 Pumping alternates between CPP-1 and 
CPP-2 every 2 weeks 

2785 1.8-9.5 and 
30.1 and 45.1 

1 and 4 

CPP-4 2453 0.019 3 68.29 1.9-45.2 1,2,3, and 4 

CPP-5 818 0.056 3 68.29 85.6 open hole 1,2,3,4,5,6, 
and 7 
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F-3.3 Hydrologic Parameters 

The Group 5 aquifer model (DOE-ID 2004) used three lithologic units, which included an upper 
basalt layer located above a sedimentary interbed, the interbed (designated as the HI interbed), and a 
lower basalt layer located below the interbed. The Group 5 model’s parameterization of these three 
lithologic units was performed using aquifer well test data, laboratory analysis of core, and regional scale 
modeling. Spatial analysis of well test data was used to parameterize the upper basalt, well test data and 
core analysis were used to parameterize the HI interbed, and hydraulic conductivity taken from the 
WAG 10 regional model (McCarthy et al. 1995) was used to parameterize the lower basalt. The HI 
interbed tends to dip in the southeast direction and rises above the water table in the vicinity of the 
INTEC tank farm. The Group 5 model’s upper basalt layer included the top 25 m of aquifer located below 
the HI interbed, and within 25 m of the water table in the region where the HI interbed nears the water 
table. This was done because well test data were available to parameterize the basalt located beneath the 
HI interbed in this region. 

The capture zone modeling used a simplified lithology based on the Group 5 aquifer model, which 
only included the upper and lower basalt layers. The upper basalt layer was 24 m thick and was 
parameterized from interpolation of the Group 5 model’s well test data onto the finer grid. The lower 
basalt layer was 216 m thick and was parameterized from the Group 5 model’s lower basalt layer. The HI 
interbed was excluded from the capture zone model because a large fraction of the capture zone model 
area is located where the HI interbed rises above the water table.  

The Group 5 aquifer model was calibrated to very early (1950s) tritium disposal in an aquifer 
injection/disposal well and the resulting tritium plume. Matching the historical tritium plume originating 
from the INTEC disposal well operations required reducing the interpolated hydraulic conductivity field 
by a factor of 2. Reducing the interpolated hydraulic conductivity field most likely corrected the bias in 
the hydraulic conductivity estimated from well tests. Water production wells are usually completed in the 
most productive depth encountered during drilling, which may not represent the large-scale hydraulic 
conductivity of the aquifer. This correction was also applied to the capture zone model’s upper basalt 
layer. Table F-3 presents the capture zone model hydrologic parameters and Figure F-4 illustrates the 
upper basalt layer hydraulic conductivity field. 

The capture model used the MODFLOW convertible layer option, which converts a grid block 
from confined to unconfined as the water level in the grid block falls below the top of the grid block. 

Table F-3. Capture zone model hydrologic parameters. 

Parameter Value 

Upper basalt (model surface to 25 m) Hydraulic conductivity field (see Figure F-4) 

Lower basalt (25 m to model bottom) 70.1 (m/day) 

Porosity 0.03 (dimensionless) 

Horizontal to vertical anisotropy 10 to 1 (dimensionless) 

Specific storage 0.0005 (dimensionless) 

Specific yield 0.03 (dimensionless) 
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Figure F-4. Upper basalt hydraulic conductivity field. 

F-4. SIMULATION RESULTS 

F-4.1 Steady-State Results 

The most conservative surface recharge scenario for estimating the production well capture zones 
would include INTEC facility recharge without the Big Lost River. The Big Lost River is located north of 
the production wells, and the resulting groundwater mound would increase the overall north-south 
gradient, thus decreasing the southern extent of the production well capture zones. 

The steady-state simulations were used to evaluate capture zone sensitivity to surface recharge 
from INTEC operations and the Big Lost River. The simulations included three scenarios assuming the 
following recharge conditions: 

• Steady-state pumping with surface water recharge originating from the northern INTEC, which 
included precipitation, water system leaks, landscape irrigation, steam condensate, sewage treatment 
ponds, and the Big Lost River. All the recharge rates were estimated from Table 1-8 of the OU 3-13 
RI/BRA, Appendix F (DOE-ID 1997). The northern INTEC recharge was distributed uniformly over 
the area within the northern INTEC fence line and the Big Lost River recharge was distributed over 
grid blocks under the river’s path. The Big Lost River recharge was estimated from the average losses 
between the INEEL diversion dam and Lincoln Boulevard for the period 1967–1987. 

• INTEC surface recharge noted in Bullet 1 without the long-term average Big Lost River recharge. 

• Steady-state pumping without surface recharge. 
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F-4.1.1   Steady-State Pumping, INTEC Facility Surface Recharge, and Big Lost River Surface 
Recharge 

The steady-state pumping simulation with INTEC and Big Lost River recharge indicates the 
process well capture zone will extend approximately midway between the CPP-1 production well and 
the tank farm aquifer well. The lateral extent of the capture zone is approximately 360 m east or west 
of each well at the model’s northern boundary. The vertical extent of the capture zone is approximately 
120 m below the water table. The steady-state capture zone extends within approximately 80 m of the 
tank farm aquifer well. Drawdown at the CPP-1 production well is approximately 0.22 m over a 
40- × 40-m area (1 model grid block). Figure F-5 illustrates the flow pathlines and aquifer potentiometric 
surface in plan view. Figure F-6 illustrates the flow pathlines in side view looking west, and Figure F-7 
illustrates the flow pathlines in side view looking north. 
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Figure F-5. Steady-state pumping with INTEC and Big Lost River recharge flow pathline plan view. 



 F-12

arbor-test

cpp-1cpp-2 cpp-4TF-Aquifer cpp-5

 
Figure F-6. Steady-state pumping with INTEC and Big Lost River recharge flow pathline side view 
looking west with 2x vertical exaggeration. 
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Figure F-7. Steady-state pumping with INTEC facility and Big Lost River recharge flow pathline side 
view looking north with 2x vertical exaggeration. 

F-4.1.2   Steady-State Pumping and Surface Recharge Sensitivity 

Removing the Big Lost River and/or INTEC facility surface recharge did not have a dramatic affect 
on aquifer potentiometric surface. The volume of recharge water is small and distributed over a large area 
compared to the volume of water extracted from the process water production wells. The daily total 
volume of water related to INTEC operations was approximately 227 m3. The daily total volume of water 
related to the Big Lost River was 898 m3/day. The average combined production rate of the CPP-1 and 
CPP-2 production wells was 2,785 m3/day. 

The steady-state simulations with and without surface recharge indicated well capture zones are 
not significantly changed by the Big Lost River or INTEC facility recharge sources. However, the INTEC 
facility recharge did not include the relocated percolations ponds (the final recipient of the process water), 
which were relocated from the southern end of the INTEC facility to a new location approximately 
2 miles west of the INTEC facility. Figure F-8 illustrates the flow pathlines and aquifer potentiometric 
surface in plan view without Big Lost River recharge, and Figure F-9 illustrates the flow pathlines and 
aquifer potentiometric surface in plan view with precipitation recharge only. 
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Figure F-8. Flow pathline plan view with steady-state pumping without Big Lost River (INTEC facility 
recharge and precipitation recharge only). 
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Figure F-9. Flow pathline plan view with steady-state pumping without Big Lost River or facility 
recharge (precipitation recharge only). 

F-4.2 Transient Results 

The transient simulations provide the most realistic evaluation of the INTEC production well 
capture zones but were only performed for a relatively short period of time compared to INTEC 
operational history because of computational restraints. The twice-daily cycle and large production 
volume of the process water wells require a large number of simulation time steps even for a short 
simulation period. The transient analysis was performed to determine sensitivity to the bi-daily cycling 
and bimonthly switching between the CPP-1 and CPP-2 wells. Two transient simulations were performed 
to evaluate the transient pumping effects. The first considered a 2-week simulation of transient well 
CPP-1 operation, which was compared to a 2-week steady-state CPP-1 well operation simulation. The 
second simulation considered a 14-month simulation with bimonthly switching between the CPP-1 and 
CPP-2 wells, which was compared to a 14-month steady-state simulation of the CPP-1 and CPP-2 wells. 

F-4.2.1  Transient Simulation of Cycling Well CPP-1 

The twice-daily cycling of the CPP-1 well did not have a significant impact on the simulated well 
capture zone. This is because the short pumping cycle and recovery period did not allow the aquifer to 
completely recover between cycles. The only difference between the steady-state and transient simulation 
flow paths was a slight zigzag pattern within the transient flow paths. Figure F-10 illustrates the flow 
pathlines plan view after 14 days of transient cycling in Well CPP-1, and Figure F-11 illustrates the flow 
pathlines plan view after 14 days of steady-state pumping in Well CPP-1. 
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Figure F-10. Flow pathlines plan view for 14 days of Well CPP-1 transient cycling. 

 
Figure F-11. Flow pathline plan view for 14 days of steady-state Well CPP-1 production. 
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F-4.2.2 Transient Simulation of Cycling Between Wells CPP-1 and CPP-2 

The transient well switching simulation indicates the CPP-1 well capture zone extends to within 
approximately 40 m of the tank farm aquifer well. The bimonthly switching between CPP-1 and CPP-2 as 
the process water producer has a large impact on capture zone because the 2-week operation period and 
the 2-week inactive period allows the aquifer drawdown to reach steady state during pumping and fully 
recover during the shutdown period. Drawdown at the CPP-1 production well is approximately 0.37 m 
over a 40- × 40-m area (1 model grid block) at the end of the 14-day operation period. Figure F-12 
illustrates the flow pathlines plan view after 784 days of bimonthly switching between wells CPP-1 and 
CPP-2. Figure F-13 illustrates the flow pathlines plan view after 784 days of steady-state pumping in 
Wells CPP-1 and CPP-2. 

 

 
Figure F-12. Flow pathline plan view for 784 days of bimonthly alternating between Well CPP-1 and 
Well CPP-2. 
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Figure F-13. Flow pathline plan view for 784 days of steady-state Well CPP-1 and Well CPP-2 
production. 

F-5. CONCLUSIONS 

The relatively small production rate (approximately 68 m3/day each) in potable water wells (CPP-4 
and CPP-5) compared to the process water wells (CPP-1 and CPP-2) and large aquifer permeability 
results in the capture zones extending less than 20 m south of the well locations. Conversely, the process 
water wells’ production rate (approximately 2,785 m3/day each) results in a very large capture zone 
extending approximately 150 m south or 3/4 of the distance to the tank farm aquifer well. 

Sampling of the two potable water wells was performed on August 18, 2003, after detection of the 
high Tc-99 in the tank farm well and Tc-99 was not detected. This confirms the simulations in this report 
that potable water wells have not been impacted by the tank farm contamination. The process water wells 
may be impacted by the contaminated water beneath the tank farm, if the recent high Tc-99 detections 
represent an area extending beyond approximately 40 m northwest of the tank farm aquifer well. 
However, mixing of the contaminated water with clean water in the large capture zone will most likely 
result in sufficient dilution to prevent production water from exceeding the MCL. Preliminary results of 
sampling of the process water production wells performed in October 2003 indicated Tc-99 is present in 
the process water, but the concentration is far below the MCL. 
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The process water production wells have the largest impact on aquifer gradient. The CPP-1 well 
steady-state drawdown is approximately 0.22 m and transient drawdown is approximately 0.37 m. The 
groundwater mounding resulting from the Big Lost River and other surface recharge sources are only a 
small fraction of this value and small compared to the large-scale gradient. The steady-state simulations 
with and without surface recharge indicated well capture zones are not significantly changed by the Big 
Lost River or INTEC facility recharge sources. The INTEC facility recharge did not include the relocated 
percolation ponds (the final recipient of the process water), which were relocated from the southern end 
of the INTEC facility to a new location approximately 2 miles west of the INTEC facility. 

The twice-daily cycling of the CPP-1 or CPP-2 wells most likely does not have a significant impact 
on the simulated well capture zone. However, the bimonthly switching between CPP-1 and CPP-2 as the 
process water producer has a large impact on capture zone because the 2-week operation period affects a 
larger area of the aquifer than the daily cycling of each well during operation. The 2-week inactive period 
after each well’s operation allows the drawdown around each to recover to ambient conditions. 

It is important to note that the simulations presented in this report assume the fractured basalt 
aquifer beneath the INTEC behaves as an isotropic equivalent porous media and can be simulated as 
such. Flow is only considered in the basalt fractures and is assumed to behave as a low-porosity and 
high-permeability equivalent porous medium. The actual capture zones may be influenced by preferential 
flow paths due to rubble zones that occur near individual flow top and bottoms. These features may exist 
on the scale of meters in the vertical to hundreds of meters in the horizontal. 
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Appendix G 
 

Tc-99 Sources at INTEC 
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